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Abstract 
 
 
This paper examines the suicide rates of 23 cities and counties in Taiwan from 
1983 to 2001. We found that a combination of economic and social variables can 
significantly account for the tremendous variations in suicide rates across Taiwan’s 
cities and counties and over the last two decades. The results are mostly consistent 
with an earlier study that covered a relatively shorter period. The level of income per 
capita in a region continued to appear as the most important predictor of suicide rates. 
However, some sociological correlates (such as divorce rate) which were less 
powerful in explaining earlier suicide rate variations appear to exert more significant 
influence over suicide rates when 8 more recent years of information are added to the 
current study. This study also uncovered several gender differences in the 
determination of regional suicide rates, such as the proportion of elderly population in 
the region, and the impacts of earthquake and unemployment. Furthermore, this study 
confirmed the linkages between natural disaster (earthquake) and suicide, between 
economic and social miseries (unemployment and divorce, respectively) and suicide, 
as well as those between demographics (aboriginal and elderly sub-population groups) 
and suicide. This may help to identify high-risk groups or areas where suicide 
prevention and intervention efforts should be concentrated on or directed to. Lastly, 
the local suicide crisis-intervention agencies are found to be significantly effective in 
reducing suicide rates of the community they serve.
1 Introduction 
 
Suicide is not only a tragedy to the involved family, but also a serious loss of 
human capital and productive assets to a society. Hence study and understanding of 
suicidal behavior and insights thereby derived on suicide prevention are of utmost 
importance to the society and policy makers. In Taiwan, suicide has been consistently 
ranked among the ten leading causes of death for many years. Recently, with the 
deteriorating economic condition and the associated social changes in Taiwan, suicide 
problem seems to be getting even more serious than before. 
 
This paper attempts to update and extend our previous study (Chuang & Huang, 
1997) on the suicide rates in Taiwan. In that study we examined the pooled suicide 
rates of 23 cities and counties (hsiens) in Taiwan from 1983 to 1993. Our study 
revealed that a combination of economic and sociological variables could account for 
a significant proportion of the variations in suicide rates across regions and over time. 
We also found that economic variables (such as income per capita and unemployment 
rate) were more important predictors of regional suicide rates than sociological 
correlates (such as divorce rate, widowed and elderly population, and the presence of 
a local lifeline center). 
 
Since 1993, the end year of our previous study, Taiwan has undergone substantial 
economic, environmental and social changes.  For instance, the massive earthquake 
on Sept. 21, 1999 has caused devastating life and property damages to residents in 
certain regions and its repercussions lingered on and continue to be felt even as of 
now.  Furthermore, due to various reasons, Taiwan has experienced economic 
downturns in recent years and many people and families have been impacted 
adversely with the shrinkage of wealth and loss of jobs. In particular, the 
unemployment rates have been rising rapidly and the middle-aged displaced workers 
are experiencing chronic unemployment with little prospect of finding suitable jobs. 
These recent changes call for an update of the previous study and a reexamination of 
the suicide rate variations across space and time in Taiwan. This study will also pay 
special attention to ascertaining the impact, if any, of economic misery (such as 
unemployment) and natural disaster on suicide rates.  
 
 The rest of the paper is organized as follows. The next section presents the 
conceptual framework relating regional suicide rates to several economic and social 
variables to be included in the study. Detailed empirical analysis is given in Section 3. 
This section starts with a description of the data and its source, followed by a 
discussion of OLS results. The empirical analysis then goes further with a brief 
discussion of the standard econometric procedure undertaken and results of tests 
performed in dealing with a pooled cross section and time series data, followed by a 
discussion of the results from the fixed-effect model. Finally, this section ends with 
more discussions of empirical findings from the improved GLS (cross-sectionally 
heteroscedastic and time-wise autoregressive) model. The last section provides a 
summary and concluding remarks. 
 
2 Conceptual Framework and Related Variables 
 
As surveyed by Marcotte (2003), all empirical work on the economics of suicide 
to date basically follow the same framework originated by Hamermesh and Soss 
(1974). They formalized a purely economic model of individual lifetime utility 
maximization to examine the 1970 cross-state suicide rates in the U.S. Their work and 
subsequent studies of suicide rates by economists established the notion that an 
individual will commit suicide when the discounted stream of expected utility over 
this person’s lifetime falls below his/her threshold utility level of living1. Within this 
framework, three determinants of suicide are identified: income, unemployment, and 
age. Since a higher income level implies greater consumption and satisfaction, it 
should lead to a lower suicide propensity. Whereas unemployment raises the 
propensity of suicide as it reduces an individual’s expectation of future income (and 
utilities). Age is hypothesized to raise suicide tendency because old age increases the 
maintenance cost of daily life and health thereby dragging down the remaining 
lifetime utility. Altogether, at the aggregate level, a state or region’s suicide rate is 
expected to be negatively associated with the corresponding aggregate indicator of 
income, and positively related to unemployment2 and age. These three variables are 
measured in the present study by, respectively, the inflation-adjusted income per 
capita, the unemployment rate, and the proportion of the elderly population in the 
city or county. 
 
 As also indicated in Marcotte (2003), most of the sociological work on suicide 
                                                 
1 While the threshold value of expected utility that induces suicide need not be zero, perhaps more 
likely to be negative because of human’s natural aversion to death or survival instinct, it is convenient 
to think of it as zero. 
2 The positive connection between unemployment and suicide has been established by empirical 
evidence from, for instance, Yang and Lester (1995) Researchers of other disciplines have also long 
recognized the link between unemployment and suicide. For example, Brenner (1983) argued that “the 
loss of a job leads to the loss of identity in the individual as a function of his work role, a severing of a 
fundamental link between the individual and his family to society, and a disruption of economic life. 
All these distresses … are a primary source of individual trauma which may trigger suicidal behavior.” 
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has been dominated by the conceptual work developed by Durkheim (1951). He 
postulated that societal suicide rates were influenced by social integration (the degree 
to which members of the society are bound together in social relationships), and social 
regulation (the degree to which people’s emotions and desires are controlled by social 
norms and rules).  From this perspective, several social indicators are hypothesized 
to have an impact on societal suicide rates and have been studied extensively by 
sociologists, including divorce, female labor force participation, and migration, to 
which we now turn. 
 
Divorce: 
 Divorce is believed to cause a reduction of social integration and regulation, as it 
involves disruption of family and social ties and itself is a deviation from social 
norms. Since divorce is viewed as a source of individual trauma that conceivably 
might trigger suicide, a society characterized by a high divorce is expected to have a 
higher suicide rate3. Following Chuang and Huang (1997), this variable is measured 
here by the proportion of individuals who are reported as divorced in the population 
of the city or county.  Along the same line of thought, we also include a widowhood 
variable (the proportion of widowed population), which represents the extent of social 
isolation and is expected to increase the societal suicide rate. 
 
Female Labor Force Participation: 
 Sociologists generally regard the increasing female participation into the labor 
force as an important social phenomenon and argue that it will have significant impact 
on the societal suicide rates. However, they can not agree on the direction of its effect 
on suicide rates as it impacts the society in two opposing ways. On one hand, women 
working may decrease social integration due to the possible role conflict and stress 
between men and women arising from participation, and thus may lead to higher 
suicide rates. On the other hand, women working may strengthen their social bonds 
and integration since labor market participation provides opportunities for women to 
develop themselves more fully. As a result of this role accumulation and expansion, 
societal suicide rates could be lower.  Thus, the net impact of female labor force 
participation is theoretically indeterminate and needs to be empirically ascertained4. 
This variable is measured here by the percentage of economically active women out 
                                                 
3 Divorce, as well as female labor force participation and migration, which are to be discussed shortly, 
has long been documented to be associated with suicidal behavior. See Lester (2000) for a 
comprehensive review of the literature. 
 
4 Empirical findings bearing on this issue are mixed, ranging from no association to positive or 
negative association between female labor force participation and suicide rates, depending on the time 
period and the society investigated.  See detailed comparisons in Lester (2000). 
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of the total civilian female population who are 15 years old and over. 
 
Migration: 
 Migration itself is a stressful process, and leaving friends and relatives behind 
also ruptures social relationships and reduces both social integration and regulation 
with the original community for the migrants. In addition to the uprooting pains, the 
move also exposes the migrants to social isolation in a new and unfamiliar community.  
All these are expected to raise the propensity of suicide among maladjusted migrants 
and increase the community suicide rates5. This aspect is measured here by an 
in-migration rate variable (proportion of in-migrants per thousands). 
 
 Apart from the above variables, Lester (2000) has suggested that the degree to 
which subgroups of a society are in the minority might affect the incidence of deviant 
behavior, including suicide. Also, it is commonly believed that, for various reasons, 
the aboriginal people in Taiwan have a greater suicide propensity (Chang, 1988). In an 
attempt to capture the impact of this demographic dimension, we add a variable 
representing the proportion of aboriginal population into the study. 
 
 Furthermore, the Life-Line Association, an international suicide crisis 
intervention and counseling organization, has set up its regional offices in most of the 
cities and counties at different points of time. This provides a natural opportunity to 
test if the establishment and operation of a suicide crisis intervention center served 
to reduce suicide rates. To test the effectiveness of a Life-Line center, a dummy 
variable with one representing the existence and operation of such a center is included 
here too. 
 
Finally, on Sept. 21, 1999 a massive earthquake hit Taiwan, killing more than 
two thousand people and destroying tens of thousands of buildings. While the entire 
island sustained extensive damages, middle Taiwan suffered the most severe life and 
property losses and its repercussions continue to be felt even after more than 3 years 
since then. The devastating impact of natural disasters on suicide has been well 
documented, as in Lester (2000). There are also abundant incidents and anecdotal 
evidence reported in Taiwan’s media claiming suicide as one aftermath of this 
earthquake. To confirm if this notion of earthquake inducing suicide indeed has its 
solid factual basis, we include a dummy variable equaling one for the particular areas 
                                                 
5 Taylor (1982) viewed migration as “both a structural cause of and an individual motivation for 
suicide.” Lester’s (1988) correlational study for the suicide rate and 27 other variables showed that 
divorce and interstate migration had the highest correlation with suicide. 
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that suffered the most from this earthquake.  
 
3 Empirical Analysis 
3.1 Data Source and Sample Statistics 
 
Data used in this study covers the period from 1983 to 2001 for all 23 judicial 
districts of Taiwan: 7 cities and 16 “hsiens” (counties). The year 2001 is the most 
recent year that the relevant data (in particular the suicide data) is available. Whereas 
1983 is chosen as the beginning year because prior to 1983 two communities were not 
yet elevated to the provincial city level, and their statistical profiles were combined 
with two other counties. This sample adds 8 more recent years into our previous study 
of Taiwan’s regional suicide rates in the period 1983-1993. The data sources for the 
variables used in the study are as follows: 
1. Suicide: from the annual issues of Vital Statistics published by National 
Bureau of Public Health, Executive Yuen, and computerized mortality data 
files provided by the same agency. Three dependent variables (overall, male 
and female suicide rates) were compiled by dividing the number of suicides by 
the corresponding population totals age 15 and over in the region. 
2. Per capita income: from the annual issues of Report of Survey on Income 
Distribution, published by Directorate-General of Budget, Accounting and 
Statistics, Executive Yuen. The aggregate disposable income figure for each 
region was divided by the corresponding year-end population to derive the 
income per capita variable for each cross section unit, which was further 
adjusted for inflation over time by the 1991-based consumer price index. 
3. Whether or not the local Life-Line office is in operation to provide suicide 
intervention and assistance service in the region: from personal contact with 
and the website of the Taiwan headquarter of the International Life-Line 
Center Association. 
4. All other variables: constructed from appropriate demographic and labor 
market information contained in the annual issues of Taiwan Area 
Demographic Fact Book published by the Ministry of the Interior, Executive 
Yuen. 
 
Table 1 displays the annual average of overall, male, and female suicide rates for 
each region and for the entire pooled sample. As the table shows, the annual average 
overall, male and female suicide rates for the whole country during the study period 
of 1983-2001 are, respectively, 13.73, 16.82, and 10.52 per 100,000 persons 15 
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year-old and over6. As is the case elsewhere, men tend to have higher suicide rates 
than women. It can also be seen from the magnitude of the means that average suicide 
rates varied tremendously across regions, and from standard deviations that the 
suicide rates also varied substantially over time in each region. Using the conceptual 
framework developed in the preceding section and the explanatory variables so 
specified therein, we now turn to examine and understand how and why suicide rates 
exhibited such an enormous variation across regions and over time. 
 
3.2 The OLS Results 
 
The baseline OLS results are presented in Table 2. In terms of the adjusted 
R-squares the estimating equations explained almost half of the observed variations in 
regional suicide rates, a fairly satisfactory goodness-of-fit considering the cross 
sectional nature of the data. Except the coefficients of female labor force participation 
rate being insignificant throughout, all the other explanatory variables appear to be 
significant determinants of suicide rates in all or at least one equations. The 
consistently insignificant coefficient estimates of female labor force participation 
cannot be interpreted as that this important labor market phenomenon has no 
influence over suicide rates. Instead, it only suggests that the positive impact of 
female’s role expansion and negative impact of role strain or conflicts created by 
participation are similar in magnitude and offset each other. 
 
Some interesting results emerged from comparing the magnitude of coefficient 
estimates7. In all three equations, income per capita dominates the other explanatory 
variables in determining the regional suicide rates. This corroborates with our earlier 
finding that per capita income served as the best predictor of regional suicide rates in 
Taiwan. In fact, the magnitude of –0.75 from the current study is also similar to the 
previous result of –0.71. Divorce appears to be the second most important determinant 
of regional suicide rate, followed closely by in-migration rate. These three variables, 
along with the density of aboriginal population in the region, are highly significant in 
all the three suicide rate equations. Given the statistical significance and numerical 
importance of these economic and social correlates, this study provides supporting 
                                                 
6 While researchers have repeatedly warned that cross-country comparison of suicide rates are not 
advisable, it might be of some interest to observe, with caution, that Taiwan’s average overall suicide 
rate is higher than (all figures pertaining to 1997) the U.S. (11.4), United Kingdom (7.0) and South 
Korea (13.0), and lower than Germany (14.9) and Japan (18.8). However, Taiwan’s average male 
suicide rate is only higher than UK (11.0) and lower than USA (18.7), Germany (22.1), Japan (26.0), 
and South Korea (17.8). Whereas Taiwan’s average female suicide rate is only lower than Japan (11.9), 
and higher than USA (4.4), Germany (8.1), UK (3.2), and South Korea (8.0). 
7 Since the coefficient estimates reported in Table 2 are standardized coefficients, comparison of these 
coefficients is appropriate and meaningful. 
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evidence bearing on Yang’s (1992) “interplay hypothesis” that “the suicide rate of a 
society is the result of an interplay between economic and social variables.” 
 
Contrary to the direction of impact on suicide hypothesized in the literature and 
the preceding section, in-migration and the widowhood population lower suicide rates 
of a region, same results obtained in our earlier study. As before, we suspect that the 
in-migration rate here does not capture as much as the aspects of reduction in social 
integration and increase in social isolation as typically is the case in other studies. 
Unlike the interstate migration in the United States, the inter-city or county migration 
in a small island country and a fairly homogeneous society like Taiwan involves only 
a short distance geographically, and no significant change in social milieu. Instead, a 
high in-migration rate could have reflected the amenity or quality of life aspect of a 
region, implying that such a region has many desirable attributes so as to attract the 
influx of migrants8. The consistently negative and significant impact of in-migration 
on suicide rates strongly suggests that it has served as a proxy for the quality of life in 
the region. With higher quality of life or standard of living, the suicide rate would thus 
be lowered. 
 
It might be surprising to note that a region with a greater proportion of widows 
has a significantly lower suicide rate. This “anomaly” may be understood as a result 
from cultural differences and a potential measurement problem of the variable under 
study. First, unlike the overly individualistic Western society where women are likely 
to be vulnerable to the onslaught of social isolation and reduction of social integration 
following loss of husband, the closely knitted family structure and traditional Chinese 
culture may protect widows from those distressing circumstances. Also unlike the 
Western society where divorce is an acceptable means to end an unhappy marriage, 
the Chinese couples face a high divorce “cost” such as the stigma and the 
long-standing family tradition disapproving a breach of “till death do we part” 
matrimonial vows. While there is no telling how many unhappy couples are victims 
and bondage of this culture and tradition, we have reason to believe that a substantial 
number of them stay painfully married throughout their lives. In those cases, death of 
the spouse actually serves as a delivery from a living hell for the widow that has 
suffered from many years of mutual torment and abuse. Thus these widows would 
certainly have lower propensity to suicide. Further, the widowhood variable used here 
is a stock variable (the proportion of women with widow status in a region), since the 
ideal flow measure (such as the percentage of recently widowed women in a given 
                                                 
8 Liu (1980) and Hsieh and Liu (1983) are classical studies of the relationship between quality of life 
and interregional migration. 
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population) is not available. Thus it is possible that the existing stock of the widowed 
population contains “experienced” widows who have sustained the loss of husband 
for some time and may have built enough resilience from years of coping with the 
loss and hence have a significantly lower suicide risk than the recent victims. On the 
other hand, the proportion of elderly women does raise a region’s suicide rates, as it 
represents unambiguously the diminishing lifetime utility of the aging aspect. This 
result also corroborates with other studies showing that the suicide rate tends to be 
higher among elderly persons. 
 
As expected, the region with a greater presence of aborigines has a significantly 
higher suicide rate. This highlights the importance of identifying and directing suicide 
prevention effort toward a high-risk minority group. Along the same line of suicide 
prevention and intervention, Table 2 shows that the regional lifeline center works to 
significantly reduce the suicide rate. Finally, the positive and significant earthquake 
dummy variable confirms the common notion that the massive 9-21 jolt has led to a 
higher suicide rate in the most damaged areas. Again, this calls for extra attention and 
follow-ups of counseling and suicide prevention efforts to be directed to the hardest 
hit areas. 
 
3.3 Further Tests and Results 
 
As the data set we use for this study combines time series and cross sections of 
suicide rates, it is advisable to apply the more sophisticated econometric techniques 
for panel data to fully utilize the rich information contained in the data set. According 
to Hsiao(1986) the first step toward full exploitation of the panel data is to perform 
the analysis-of-covariance test to check for the overall homogeneity hypothesis. If this 
hypothesis is rejected, a simple way to take account of the heterogeneity across 
individuals and/or through time is to use the variable-intercept model as the 
following: 
 
Yit = Xβ + µi + vt + εit              i = 1, … N       t = 1, … T 
 
where µi denotes the individual effects, vt denotes the time effects, and εit denotes the 
random error term. The test results for the overall homogeneity hypothesis are 
reported in the first row of Table 3. For all three models, the LM test statistics suggest 
that the null hypothesis of overall homogeneity can be rejected. In other words, some 
improved econometric techniques developed specifically to gain efficiency in 
estimating panel data can be applied. 
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 There are two common econometric procedures to deal with the panel data: the 
fixed-effect model and the random-effect model. Fixed-effect model is also known as 
the least-squares dummy variable approach since the individual-specific and 
time-specific effects are treated as dummy variables in this procedure. Whereas in the 
random-effect model the individual-specific and time-specific effects are specified as 
random variables. As a result, the fixed effect model is less efficient compared to the 
random-effect model as it uses more degrees of freedom in the estimation. However, 
the random effect model is deemed inappropriate if the individual-specific and 
time-specific effects are not independent of the explanatory variables. Hence, the 
choice between fixed-effect model and random-effect model depends on whether the 
individual-specific and time-specific effects are independent of the explanatory 
variables. Hausman(1978) developed a simple test procedure to check for this 
independence condition. The Hausman test results for our sample are reported in the 
second row of Table 3. It shows that the independence hypothesis is to be rejected for 
total, male and female suicide rate models. Therefore, the fixed-effect model, while 
less efficient, turns out to be the more appropriate panel estimation technique than 
ranndom-effect model for our analysis of the suicide rates. 
 
 The estimation results of the fixed-effect model are presented in Table 4. 
Comparing these results with the OLS results reported earlier in Table 2, some 
worth-noting differences are discussed as follows: 
 
1. All of the economic variables (except income per capita in female suicide rate 
equation) are no longer significant in the fixed-effect model. While the result of 
the Hausamn test only suggests that there are some correlation between the 
explanatory variables and the regional-specific and time-specific effects, we  
suspect that this correlation is more likely to occur and to be stronger between the 
economic variables and the regional-specific effect.  In other words, the 
significant effect of the economic variables found in the OLS model may be 
mainly due to the variations of economic conditions that are inherently embodied 
in each regions. Since the independent or extra effect of pure economic 
dimensions per se can not be extracted out of the dummy variable representing the 
entirety of the region, when the regional difference in economic condition is 
controlled by the regional-specific fixed effect, the influence of the economic 
variables on the suicide rate can no longer appear independently. 
2. On the other hand, many of the variables from sociological perspectives which are 
found to significantly affect suicide rates in the OLS model still retain their 
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significant influence in the fixed effect model. For example, regions with higher 
proportion of individuals having divorced status in the population tend to have 
higher suicide rate.  Regional Life-Line center still works to reduce the suicide 
rate, although the statistical significance of this variable is somewhat lower in 
Table 4 after adjusting for the regional-specific and time-specific effects.  The 
921 earthquake shock still has a positive influence on the suicide rate, and again 
its effect becomes less significant when controlling for the regional-specific and 
time-specific effects. 
3. In addition to making economic variables insignificant, the fixed-effect model 
also generates strangely behaved estimates or results inconsistent with the baseline 
findings. For example, it is puzzling to note that a region with a greater presence 
of aborigines has a significantly lower male suicide rate after adjusting for the 
regional-specific and time-specific effects. Also, contrary to the OLS baseline 
results, the aging aspect (proportion of elderly population) significantly increases 
suicide risk for males but not for females. The unsatisfactory performance of the 
fixed-effect model is addressed in the next subsection. 
 
3.4 Final Results from The GLS (Cross-sectionally Heteroscedastic and 
Time-wise Autoregressive) Model 
 
Although we have followed the standard econometric procedure of dealing with 
pooled cross-section and time-series data and justified the choice of the fixed-effect 
model through the LM and Hausman’s tests, this method still leaves a lot to be 
desired (as can be seen from the unsatisfactory results in the above) and needs to be 
improved by a better estimation technique. As mentioned in section 3.3, this method 
is less efficient than the random-effect model because it uses up a substantial number 
of degrees of freedom by adding many dummy variables to characterize each 
cross-section and time period. The more serious problem this method poses is that it 
still assumes that pooling does not alter the classical error structure implied by the 
simple OLS model but only results in shift of intercepts for the cross-section and 
time-series units. However, it is quite likely that, as a result of pooling, the 
disturbance terms may violate classical assumptions and render the parameter 
estimates from OLS and the fixed-effect model inconsistent and inefficient. 
Specifically, it is not inconceivable that some macroeconomic events or shocks may 
affect residents of all regions or of some adjacent regions similarly such as a 
nation-wide recession, a grand scale financial crisis, or an earthquake that shakes the 
entire island, or that events or shocks often have lingering effects such as the 
carry-over effect or aftermath of earthquake and unemployment. These considerations 
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suggest that some of the cross-section or time-series relevant variables may 
complicate the error structure. 
 
To account for such complexities, the random-effect model, which was ruled out 
earlier by the Hausman’s test, is not to be reconsidered, even though it assumes a 
fairly sophisticated error structure with three components-one component associated 
with time, another with the cross-sectional unit, and the third varying in both 
dimensions. The basic objections are (1) it suffers from homoscedasticity (2) it also 
implies that the contemporaneous correlation between the disturbances of two 
cross-section units is the same for every pair of regions and the the correlation 
between the disturbances of a given region is constant over time and the same for 
every region.  The last point is especially at odds with the usual supposition that the 
correlation declines as the disturbances become further apart in time and that it can be 
different for different regions. Thus, it is preferrable to use a procedure that accounts 
for heteroscedasticity and both autocorrelation and contemporaneous correlation 
among the disturbances. This preferred procedure is a variate of the generalized least 
squares (GLS) method. Making the common assumption that the error term follows a 
first-order autoregressive scheme, our preferred procedure becomes a 
cross-sectionally correlated and time-wise autoregressive model (hereafter CSHTWA 
model). 
 
The final estimation results from using CSHTWA model are given in Table 5. 
The results are reassuring. Compared with the results from OLS and the fixed-effect 
model, it appears that accounting for contemporaneously and serially correlated 
disturbances has raised the significance of almost all the variables substantially, and 
has also yielded more reasonable coefficient estimates, a clear sign of improvement in 
estimation. Since most of the baseline results in Table 2 are in line with and actually 
strengthened by those in Table 5, discussions and interpretations in Section 3.2 can be 
carried over and need not be repeated here. Hence we will only focus on some 
additional noteworthy points. First, the somewhat puzzling finding about the negative 
and significant effect of widowhood variable on female suicide rate in Section 3.2 is 
no longer present here. That is, a region with a greater proportion of widows no 
longer has a significantly lower suicide rate, although that negative effect is still 
weakly significant on the overall suicide rates. Also disappers in this estimation is the 
sensible finding in Section 3.2 that female suicide rates are significantly higher in the 
hard-hit areas following the 921 earthquake. These two incidents (of coefficients 
changing from significant to insignificant) justify the need of scrutinizing the simple 
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OLS results in Table 2 with Table 5 from the CSHTWA model which deals with the 
complications of error structure arisen from pooling. 
 
Second, while mostly the estimation results are similar for male and female 
suicide rates, some distinctive differences do emerge that may have interesting 
implications of gender differences in suicide. In particular, male suicide rates are 
found to be significantly affected by unemployment and the 921 earthquake but not 
female suicide rates. Thus, it seems that men, the presumbably stronger sex, are 
actually more susceptible to economic misery and natural disaster than women, and 
would require more attention and counseling help in those difficult times. On the 
other hand, female suicide rates are significantly higher in regions with a greater 
proportion of elderly females (as expected by the theoretical framework), although no 
such connection exists between elderly population and male suicide rates. In addition, 
it appears that the proportion of aboriginal population has a greater impact on male 
suicide rates in a region than female suicide rates. 
 
Finally, turning to focus on the economic variables. The significantly negative 
impact of income per capita on suicide is as expected. Like in our earlier study, it 
stands out again as the most important predictor of suicide rates. Since these two 
variables are expressed in natural logarithms in multiple regressions9, we can interpret 
the coefficient estimate as the income elasticity of suicide, that is, as the income per 
capita for a representative region drops by 1%, that region would experience about 
0.8% increase in suicide per 100,000 persons. 
 
Another economic variable, unemployment rate, poses significant influence over 
overall and male suicide rates, but not female suicide rates. Why does it appear that 
men are more susceptible to the loss of jobs than female workers? Apart from the 
possible inherent gender heterogeneity in coping with job loss and other adversaries, 
other reasons underlying this differential impact of unemployment on male and 
female suicides could be both economical and social. That is, men tend to be or 
expected to be primary breadwinners of the household, whereas women are relatively 
more likely to be secondary workers. If so, losing jobs (especially chronic 
unemployment) may impact men more than women as it entails not only serious 
economic crisis and pressure to the family but also a humiliating loss of social 
identity and status. It is alarming that the coefficient estimate of unemployment in 
Table 5 is not only statistically highly significant but also numerically nontrivial. On 
                                                 
9 The other variables are not expressed in logarithms as they are measured in percentages and a 
logarithmic transformation of them will generate negative values. 
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average, the coefficient estimate suggests that as the unemployment rate of a given 
region increases by 1%, there will be 12 more male suicides per million 10. According 
to this computation and the notion advanced by Schapiro and Ahlburg (1983), the 
ultimate cost of an increase in unemployment from 3% to 5% could amount to more 
than 240 male suicides in Taiwan11. In view of Taiwan’s recent economic downturn 
and the pronounced and prolonged displacement of middle-aged workers, this finding 
projects a worrisome trend of a rise in unemployment-induced suicide and calls for 
more aggressive and comprehensive measures to lift the economy out of slump as 
soon as possible. 
 
4 Summary and Concluding Remarks 
 
This paper has examined the suicide rates of 23 cities and counties (hsiens) in 
Taiwan from 1983 to 2001. We found that a combination of economic and social 
variables can significantly account for the tremendous variations in suicide rates 
across Taiwan’s cities and counties and over the last two decades. This finding 
provides support to Yang’s (1992) advocacy that economics and sociology need to 
join force to better understand suicide rates in a society. 
 
The results, for the most part, are consistent with our earlier study that covered a 
relatively shorter period. For example, the level of income per capita in a region 
continued to appear as the most important predictor of suicide rates. However, some 
sociological correlates (such as divorce rate) which were less powerful in explaining 
earlier suicide rate variations appear to exert more significant influence over suicide 
rates when 8 more recent years of information are added to the current study. 
  
This study also uncovered several gender differences in the determination of 
regional suicide rates. To name a few, the aging aspect (proportion of elderly 
population), the impact of earthquake, and the unemployment rate were found to have 
significant impact on either male or female suicide rates but insignificant on the other. 
While we have attempted to speculate and explain some of these interesting 
differences, much awaits further exploration in future studies. 
 
Finally, some of the findings in this study contain relevant policy implications. In 
particular, this study confirmed the linkages between natural disaster (earthquake) and 
                                                 
10 Exp[0.1827] = 1.2004562.  Thus, 1% increase in unemployment rate would result in 1.2 more 
suicide per 100,000 men. 
11 To put this magnitude into perspective, there were 1,901 male suicides in Taiwan in 2001. 
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suicide, between economic and social miseries (unemployment and divorce, 
respectively) and suicide, as well as those between demographics (aboriginal and 
elderly sub-population groups) and suicide. This would help to identify high-risk 
groups or areas where suicide prevention and intervention efforts should be 
concentrated on or directed to. Moreover, the local suicide crisis-intervention agencies, 
Life-Line centers, appear to be significantly effective in reducing suicide rates of the 
community they serve. This underscores the importance of having such an agency 
around as an avenue for suicide reduction and prevention. 
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Table 1.  Overall, Male and Female Suicide Rates Per  
 100,000 Persons in 23 Cities and Counties, 1983-2001 
 
 Total Suicide Rate  Male Suicide Rate  Female Suicide Rate 
 Mean Standard Deviation  Mean 
Standard 
Deviation  Mean 
Standard 
Deviation
Keelung City 14.70 6.09  18.90 8.21  10.20 5.14 
Hsinchu City 10.84 3.97  14.09 5.52  7.38 3.48 
Taichung City 7.99 2.51  10.29 3.67  5.70 1.99 
Chiayi City 9.98 3.55  11.59 4.26  8.33 4.08 
Tainan City 10.24 3.73  13.05 5.40  7.36 3.02 
Taipei County 9.59 2.20  12.41 2.46  6.64 2.07 
Ilan County 16.52 4.46  19.46 4.38  17.55 24.03 
Taoyuan County 14.90 3.24  18.40 3.55  11.08 3.63 
Hsinchu County 15.08 6.52  17.97 7.72  11.83 5.96 
Miaoli County 16.04 4.14  18.32 4.33  13.50 4.60 
Taichung County 11.88 4.00  15.48 5.11  8.05 3.06 
Changhwa County 13.18 4.41  16.16 4.95  9.98 4.47 
Nantou County 17.72 6.54  22.30 7.81  12.67 6.39 
Yunlin County 14.68 5.30  17.21 6.07  11.86 4.83 
Chiayi County 11.66 4.33  13.76 5.21  9.29 3.91 
Tainan County 15.52 4.83  18.65 5.47  12.10 4.73 
Kaohsiung County 14.07 2.82  17.26 3.18  10.57 3.19 
Pingtung County 13.13 3.66  17.12 4.91  8.69 2.84 
Taitung County 25.74 9.49  30.85 10.11  19.43 10.12 
Hualien County 22.38 7.43  27.26 8.11  16.56 7.05 
Penghu County 11.09 4.08  12.75 4.00  9.23 5.79 
Taipei City 9.23 1.95  11.69 2.81  6.80 1.45 
Kaohsiung City 9.59 2.84  11.88 4.15  7.24 2.05 
         
Total (Taiwan) 13.73 6.23  16.82 7.33  10.52 7.50 
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 Table 2.  Multiple Regression (OLS) Results on the Suicide 
 Rates in 23 Cities and Counties, 1983-2001 
 
 Total Suicide Rate Male Suicide Rate  Female Suicide Rate 
 Standardized 
Coefficient t Statistics
Standardized 
Coefficient t Statistics  
Standardized 
Coefficient t Statistics 
Per Capita Income -0.7539* -7.70 -0.5413* -6.39  -0.7787* -8.98 
Unemployment Rate 0.1738* 3.46 0.2461* 4.64  0.0248 0.56  
Proportion of Elderly 
(>65Years)Population 0.2326
* 2.73 -0.0169 -0.42  0.2146* 3.68 
Proportion of Aboriginal 
Population  0.2112
* 4.57 0.2510* 4.87  0.1404* 3.51 
Proportion of Divorced 
Population 0.4041
* 4.39 0.3544* 3.56  0.6036* 5.92 
Proportion of Widowed 
Population -0.1739
* -2.27 -0.0275 -0.56  -0.1780* -2.28 
Female Labor Force 
Participation Rate 0.0185
  0.47 0.0386 0.02  -0.0132 -0.32  
In-Migration Rate -0.3631* -8.11 -0.3580* -7.98  -0.2510* -5.50 
Presence of Life-Line 
Center -0.1369
* -3.75 -0.1519* -4.03  -0.1741* -4.56 
921 Earthquake 0.0841* 2.55 0.0773* 2.26  0.0694* 1.97 
        
Adjusted R-Squared 0.5468 0.5144  0.4807 
Note: * significant at 5% level; # significant at 10% level 
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 Table 3.  Test Statistics for Model Selection 
 
  Total Suicide Rate Male Suicide Rate  Female Suicide Rate 
     
LM Test 85.54 68.49  52.09 
     
Hausman Test 109.91 116.29  45.27 
 
 
 
 
 
 
Table 4.  Fixed Effects Model Results on the Suicide 
 Rates in 23 Cities and Counties, 1983-2001 
 
 Total Suicide Rate Male Suicide Rate  Female Suicide Rate 
  Coefficient t Ratio  Coefficient t Ratio   Coefficient t Ratio 
Per Capita Income 0.1341 0.69 0.0707 0.35  0.5402# 1.76 
Unemployment Rate -0.0298 -1.16 -0.0254 -0.98  -0.0336 -1.14 
Proportion of Elderly 
(>65Years)Population 0.0054 0.20 0.0296
* 3.27  -0.0144 -0.32 
Proportion of Aboriginal 
Population  -0.3425
* -4.20 -0.2465* -3.81  0.0497 0.62 
Proportion of Divorced 
Population 0.1768
* 2.60 0.0886 1.54  0.0700 0.70 
Proportion of Widowed 
Population -0.0197 -0.41 -0.0391 -0.53  0.0106 0.42 
Female Labor Force 
Participation Rate -0.0028 -0.86 0.0013 0.44  -0.0002 -0.04 
In-Migration Rate -0.0039 -1.52 -0.0010 -0.40  -0.0070# -1.85 
Presence of Life-Line 
Center -0.1414
* -2.76 -0.0868 -1.58  -0.2129* -2.64 
921 Earthquake 0.2840# 1.87 0.2020 1.28  0.3330 1.40 
        
Adjusted R-Squared 0.7223 0.6951  0.5579 
Note: * significant at 5% level; # significant at 10% level 
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Table 5.  Multiple Regression (GLS) Results on the Suicide Rates 
 in 23 Cities and Counties, 1983-2001 (Cross-Sectionally  
Heteroscedastic and Time wise Autoregressive Model) 
 
 Total Suicide Rate Male Suicide Rate  Female Suicide Rate 
 Standardized 
Coefficient t Statistics
Standardized 
Coefficient t Statistics  
Standardized 
Coefficient t Statistics 
Per Capita Income -0.8168* -9.537 -0.6725* -9.531  -0.6972* -9.124 
Unemployment Rate 0.1107* 2.497 0.1827* 4.030  -0.0215 -0.565 
Proportion of Elderly 
(>65Years) Population 0.1919
* 2.376 -0.0271 -0.904  0.1502* 2.812 
Proportion of Aboriginal 
Population  0.1810
* 4.310 0.2130* 4.856  0.1424* 3.941 
Proportion of Divorced 
Population 0.4727
* 5.633 0.4700* 5.338  0.5118* 5.448 
Proportion of Widowed 
Population -0.1245
# -1.665 -0.0258 -0.588  -0.1155 -1.588 
Female Labor Force 
Participation Rate 0.0304 0.833 0.0524 1.596  0.0189 0.514 
In-Migration Rate -0.3389* -8.190 -0.3343* -8.688  -0.2512* -6.249 
Presence of Life-Line 
Center -0.1281
* -3.878 -0.1235* -3.820  -0.1303* -4.097 
921 Earthquake 0.0736* 2.422 0.0612* 2.051  0.0516 1.586 
        
Adjusted R-Squared 0.6108 0.6324  0.5157 
Note: * significant at 5% level; # significant at 10% level 
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